In the linear chiral perturbation theory, both kaon and antikaon masses decrease in dense matter.
these eÃects included in the relativistic transport model, it is found that the slope parameter of the kaon kinetic energy distribution is larger than that of the antikaon. This is consistent with the experimental data from heavy-ion collisions in the Alternating Gradient Synchrotron experiments at Brookhaven. PACS number(s): 25.75 .+r where flc 93 MeV is the kaon decay constant and N denotes the nucleon field. The effective scalar field couples to the kaon with a "coupling constant" equal to half the KN sigma term ZKN, i.e. , 6L = 2Z SKK. (2) When combined with the kaon mass term m 21cKK/2 in the free field Lagrangian it gives an effective kaon mass mK In relativistic heavy-ion collisions, nuclear matter can be compressed to densities which are many times that of normal nuclei. This has recently generated great interest in theoretical studies of hadron properties under extreme conditions [1] . It was suggested [2, 3] shown to lead to the suppression of the reduced pion effective mass in dense matter [7] . But we believe that the kaon mass eventually will reduce to the mass of the strange quark (plus that of the up or down quark) at high densities when the chiral symmetry is restored. This is indeed demonstrated in studies with efI'ective Lagrangians which include broken scale and chiral invariance [8] .
There is also a vector interaction in the chiral Lagrangian. For an N = Z system, it can be reduced to (6) with m"and m, being, respectively, the up and strange quark masses. There is considerable uncertainty in the strangeness content of the nucleon [4] , but the lower and upper limits on p, can be obtained by taking This leads to a repulsive vector potential for a kaon in nuclear matter [9] 3 1 gK N 8g2 pB -
The second equality is obtained by using the KFSR relation m~= 2~2f~g~a nd the SU(3) relation g = 3g~.
We see that the kaon-nucleon vector-exchange mean-field potential is just 1/3 of the nucleon-nucleon mean-field potential V = (g~/m~)p~, commonly used in the Waiecka theory of nucleon-nucleon interactions [10] . This potential becomes attractive for the antikaon.
The difference in the sign of the vector potential for the kaon and the antikaon can also be understood in The above discussed medium effects can be incorporated in the relativistic transport model [15, 16] based on the relativistic mean-field theory of Walecka [10] . It de- scribes the propagation of nucleons in the self-consistent nuclear mean-field potential generated by the scalar and vector mesons. The nucleon mass in the nuclear medium is thus modified by the scalar field. Following the scaling law of Ref. [17] for hadron masses, the in-medium masses of other nonstrange hadrons are taken to have a similar density dependence as the nucleon. For the hyperons (A and Z), their in-medium masses are determined by taking the effect of the scalar field to be 2/3 of that for the nucleon [18, 19] .
The relativistic transport model allows also for nucleon-nucleon elastic and inelastic collisions with the latter via the excitation of nucleons to deltas. Since kaons can be produced not only from nucleon-nucleon interactions, such as NN~NYK [20] , but also from pion-nucleon interactions [21] vrN~YK and pion-pion interactions [22] nor -+ KK, we extend the transport model developed in Ref. [15] Both op~A and oMM~g in the nuclear medium have been calculated in Ref. [5] and will be used in the relativistic transport model. In Ref. [5] , kaon production from heavy-ion collisions at the AGS energies has been studied in the hydrochemical model with in-medium hadron masses. The development there is, however, not thermodynamically consistent because only the masses are changed in the noninteracting particle model without introducing corrections to the energy and pressure of the system from the particle interactions. With the relativistic transport model, the medium dependence of hadron efFective masses and the thermodynamics of the system are treated in a consistent framework.
As in Ref. [5] , we assume that initially a highly excited and compressed fireball is formed in heavy-ion collisions. Its expansion is then described by the relativistic transport equation. Initially, the fireball is assumed to have a temperature of 190 MeV and a density of 4pp, where pp is the normal nuclear matter density. The initial energy density, including both the particle kinetic energy and the collective scalar and vector field energy, is then about 1.6
GeV/nucleon. This initial condition corresponds approximately to that one expects for heavy-ion collisions at the AGS energies. In the initial fireball, we include nucleons, deltas, pions, and rho mesons by assuming that they are reaction 6~¹r. In this way, the pion is produced from the delta decay and can also be absorbed by the nucleon to form the delta again. For the cross section o iv~, we take it from Ref. [23] . The propagation of the pion between collisions is treated as that for a free particle as in most transport models [24 -26] , except in Ref. [27] where the medium effect on the pion is included via the deltahole model [28, 29] from the theoretical calculations while data are from Ref. [6] .
fm/c. In Fig. 1 we show the time evolution of the particle abundance. As in Ref. ization factor of 0.6 is introduced and the center-of-mass rapidity is taken to be 1.4 as in Ref. [5] . The final rapidity distributions of the particles are shown in Fig.  2 . The result is very similar to that of Ref. [5] . We see that the pion distribution agrees reasonably with the data. The failure of the calculated proton distribution at smaller rapidities is due to the neglect of protons from the target spectator. Both kaon and antikaon distributions agree also fairly well with the data. The lack of kaons in the small rapidity compared with the data can be understood if we allow some of the initial kaons to be produced from the interaction of pions with the target spectator nucleons. The transverse kinetic energy distributions of the particles are shown in Fig. 3 . We see that all particles have essentially exponential distributions and they agree again with the data as in the hydrochemical model. The pion spectrum has a slope parameter that is slightly higher than the measured one.
Including the collective mean-field potential of the pion, which has been neglected in the present study, is expected to soften the pion spectrum as shown recently in Ref. [27] for the pion transverse energy spectrum from the Bevalac experiments. The slope parameters for kaons and antikaons indeed show the difFerence expected from the mean-Beld efFects, i.e. , the effective temperature of antikaons is seen to be lower than that of kaons.
In summary, we have carried out a transport model calculation including the medium efFects on the kaon and antikaon dynamics in dense matter. The theoretical results in both rapidity and transverse kinetic energy distributions of the particles agree with the data from recent AGS experiments. While the rapidity distribution and the relative yields may be affected by the aforementioned uncertainties in the efFective mass of the kaon, the difference in the slopes should remain unchanged, and, as already mentioned, should be considered as a lower limit. The initial states of the systems such as the temperature and density, have been treated as parameters. It will be more satisfactory if it can also be determined consistently from the transport model. Encouraged by the recent success of the relativistic hadronic cascade model of Pang et al. [36] for heavy-ion collisions at the AGS energies, we are extending our relativistic transport model to treat the initial stage of the collisions as well.
